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The D@ experiment is one of the two collider experiments at Fermilab. The D@ detector is a multi-
purpose detector and took its data during Fermilab TeVatron collider run in 1992-1996. Both the
D@ detector and the Tevatron accelerator at Fermilab are currently undergoing significant upgrade to
extend the reach to new physics and to further probe Standard Model. In this paper, physics potential
of the upgraded DO detector and the upgrade status are discussed.

In the past few decades, Standard Mod-
el (SM) has undergone series of tests and
has been extremely successful. The theory
unifies three of the four known forces in na-
ture and provides mechanism of which mass-
es are generated from. Despite the success-
es, there are outstanding issues that cannot
be explained within the context of current S-
tandard Model framework. Three most out-
standing issues are: neutrino masses whose
evidence is becoming clearer from neutrino
oscillation experiments!, unobserved Higgs
particle?, the mediator of electroweak sym-
metry breaking which is the mechanism to
generate masses, and the degree of CP vio-
lation which has been observed greater than
SM prediction®.

Therefore, the question becomes two
fold: whether the SM is the theory of every-
thing but we just did not discover the Higgs
particle or the SM is flawed and there are
other models that describe nature better and
replace the SM. The upgraded TeVatron col-
lider and its detectors could provide answers
to two of the three above outstanding ques-
tions, Higgs particle and CP violation, in ad-
dition to information on physics beyond SM.
In this paper, we present the physics poten-
tial of the DO detector? and the status of its
upgrade®.

The most recent global Electroweak fits®
performed by LEP Electroweak Working
group presented at this conference put the
limits on the SM Higgs mass to be above

113 GeV/c?. All the evidences point to single
neutral Higgs particle with low mass within
the SM framework. However, none of the ex-
periments has observed such particle yet.

In addition, there are general arguments
for models beyond SM at Electroweak scale
(~ 250 GeV). SM fits suggest the new physic-
s is weakly coupled and might be indirectly
pointing to supersymmetry (SUSY). On the
contrary, all direct searches of SUSY particles
have been negative. Searches for SUSY par-
ticles at LEP has put limits on super-partner
masses; my ¢, Mg g7, Mg+ > 70 ~ 90GeV /c?,
and mpsp > 36GeV/c?. Similar results are
obtained at TeVatron Run I from both DO
and CDF experiments. Despite the fact that
the mass limits are getting more stringent,
no evidence have been seen from the mea-
surements.

In order to provide extended phase space
and to enhance the possibility of inching clos-
er to finding Standard Model Higgs particle,
Tevatron accelerator has been upgraded to
increase its luminosity by a factor of 10 to
>~ 10%?2cm~2sec™! and the center of mass
energy by 10% to 2 TeV, with respect to the
previous run. The increase in instantaneous
luminosity is going to result in a total inte-
grated luminosity of 2 fb—!/experiment for
the first two years of the run, Run ITa, and to
ultimately result in over 15 fb~! /experiment
in Run IIb that follows Run Ila and that
runs till the LHC experiments comes on-line.
The increased accelerator capability and the
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physics goals naturally raise issues for detec-
tor upgrade to accommodate the increased
event rates, decreased bunch spacing, and the
emphasis in physics goals.

In order to provide adequate functional-
ity for observing Higgs particles and CP vi-
olating processes, it is absolutely necessary
to implement detectors to enhance b-tagging
capability. In addition, the detector response
must be fast to react to shorter bunch spacing
of the Tevatron collider that starts out with
396 ns and will eventually become 132 ns.

The fundamental philosophy of the D@
upgrade is to retain as much of the excellen-
t performance of the original detector, such
as calorimetry, as possible. This philosophy
increases cost effectiveness of the detector up-
grade. The primary change of the detector is
in the tracking system. While Runl detector
has a drift chamber and a jet chamber vertex
tracking system, without a central solenoid
magnet, Run II detector has a 2 Tesla super
conducting solenoid magnet” in the central
tracking volume together with a new track-
ing detector systems.

In order to strengthen displaced vertex
detection for b-tagging, a silicon micro-strip
vertex detector (SMT)® surrounds the inter-
action region and is read out through the
SVX-II chips?. The central cylinder of the
SMT consists 6 four layer barrels of double
and single sided detectors; two in 2 degree
and the other two in 90 degree stereo angles.
These barrels are interspersed with 12 disks
(F-disks). Each F-disk consists of 12 dou-
ble sided wedge shaped micro-strip detectors
that each covers 15 degrees in ¢. Large angle
coverage is obtained by four large diameter
disks (H-disks), two on either side of the cen-
tral barrel-disk cylinder. Each H-disk con-
sists of 24 single sided wedge shaped detec-
tors. The angular coverage of SMT, includ-
ing the H-disks, extends out to n = £3. Total
number of readout channel of the SMT sys-
tem is approximately 800,000.

SMT is then surrounded by the central
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Figure 1. A schematic side view of the upgraded DO
tracking system.

scintillation fiber tracker (CFT)!® which has
a total of 74,000 readout channels. CFT
consists of 8 cylindrical layers of scintillating
fiber ribbon doublets that cover the direction-
s along the beam and +5° alternate stereo an-
gles with respect to the beam direction. The
fibers are read out through low temperature
VLPC (Visible Light Photon Counter) read-
out system whose operating temperature is
~ T°k.

These two central tracking detectors, a-
long with the 2 Tesla solenoid magnet, pro-
vide charged particle momentum resolution
of APr/Pr ~ 5% at Pr = 10GeV/c. Fig-
ure 1 shows a schematic side view of the up-
graded D@ tracking system.

Since the solenoid has been added to the
central tracking system, the total thickness of
the material before the electromagnetic sec-
tion of the calorimeter has been increased
by about a factor of two to ~ 2X,. In
order to keep the electromagnetic calorime-
ter energy resolution as good as before, a
central and a forward preshower detectors'!
before the first layer of the electromagnet-
ic sections of calorimeters have been added.
These preshower detectors consist of scintil-
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lation counter strips and ~ 1X lead convert-
ers, and read out through the same readout
chain as CFT. These detectors enable the DO
calorimeter system to retain its energy reso-
lution to within 10% of the original resolu-
tion of o/E = 21%/vE. The calorimeter
system is currently undergoing an electronic-
s upgrade to sample signal fast to minimize
pile-up effects that come from long intrinsic
drift time (~ 460ns) liquid argon (LAr).

In addition to the detector upgrade, the
D@ experiment upgrades its trigger system-
s to maximally exploit the improved capa-
bility of the upgraded detector. The most
important upgrade of the trigger system is
the use of CFT and preshower detectors, ex-
ploiting quick response time of scintillation
light detectors. The muon system also added
three layers of scintillation counter layers to
enhance muon trigger capability, in addition
to upgraded forward muon system. Thick s-
teel shielding blocks have been added on ei-
ther sides of the muon system, surrounding
the beam pipe, to reduce background from
beam halo.

As of this conference, more than 90% of
the detector construction has been complet-
ed, and installation and commissioning have
begun since the end of last year. Just before
this conference in June, 2000, the D@ central
scintillating fiber tracker has been installed
into its final position, and wave guide in-
stallation has begun. Commissioning effort,
thus far, has been concentrated on prepara-
tion of DAQ system to adequately support
detector debugging and commissioning effort.
The D@ experiment is currently planning to
begin a cosmic ray commissioning run with
all available systems in December, 2000, till
before the detector roll-in in January, 2001.
This period should provide invaluable oppor-
tunity to integrate and to debug the detector
system.

In conclusion, Tevatron RunlIl will pro-
vide an order of magnitude higher luminosity
at the center of mass energy of 2 TeV and will
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significantly extend physics reach. This also
enables extended search for physics beyond
the Standard Model. Currently both accel-
erator and D@ detector upgrades are pro-
gressing well and will be ready for Run Ila
which is scheduled to begin March 1, 2001.
There is little doubt that the D@ experiment
will make a significant impact in understand-
ing of SM and search for new physics beyond
SM. The D@ has already started preparing
for Run-IIb upgrade, beyond 2fb~! expected
from Run-IIa.
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